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The investigation of spray deposits in vineyards is carried out
to describe the application quality in terms of magnitude and
variability of deposits with respect to sprayer function and
sprayer adjustment. Very different sampling techniques are re-
ported in published papers, making the comparison of data dif-
ficult or impossible. Differences are reported concerning the
sampling unit, being artificial or natural. Sampling procedures
reported are random samples or different systems of stratifica-
tion. Investigations often just describe samples out of grape
zone and upper leaf zone of the canopy but do not consider the
vertical distribution profile. Deposit measurement is done by
analysing individual units or bulk samples. Another aspect of
confusion results from different understanding of the term “de-
posit” which is used for coverage on surfaces, number of parti-
cles/cm2 or the initial deposit (ng/cm2 or ng/g fresh weight). In
this paper a sampling technique is proposed which enables to
determine the magnitude and variation of deposits on upper
and lower leaf side, berries and rachises as well as the spatial
distribution in the leaf wall. These target units are supposed to
be of epidemiological relevance in grapevines.
Key words: Sampling technique, spray deposit measurement,
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Zusammenfassung
Untersuchungen der Belagsmassen in Rebanlagen werden mit
dem Ziel durchgeführt, die Applikationsqualität zu beschrei-
ben. Dabei geht es um das Niveau der Belagsmassen und um
deren Variabilität mit Blick auf die Gerätefunktion und Geräte-
einstellung. In der Literatur werden sehr unterschiedliche
Stichprobenverfahren beschrieben, was Ergebnisvergleiche
schwierig macht. Unterschiede bestehen insbesondere hin-
sichtlich der Stichprobeneinheit, die ein natürlicher oder künst-
licher Kollektor sein kein, aber auch ein einzelnes Blatt oder
eine Sammelprobe umfassen kann. In vielen Untersuchungen
wird lediglich in Traubenzone und Laubzone unterschieden.
Die Stichprobenverfahren können Zufallsstichproben sein oder
unterschiedliche Verfahren der Stratifizierung aufweisen. Wei-
terhin werden zur Belagsbeschreibung der Bedeckungsgrad,
die Anzahl Tropfen je cm2 oder der Initialbelag (ng/cm2 Blatt-
oberfläche oder ng/g Frischgewicht) verwendet. Für Rebanla-
gen wird eine Methodik vorgeschlagen, die es ermöglicht, Be-Nachrichtenbl. Deut. Pflanzenschutzd. 60. 2008lagsmassen auf den Blattseiten und auf Beeren und Stielgerüst
zu erfassen sowie deren Variabilität zu beschreiben und darü-
ber hinaus ein Abbild der spatialen Verteilung in der Laubwand
zu liefern. Diese Zielobjekte werden als epidemiologisch rele-
vant in Weinreben betrachtet.
Stichwörter: Stichprobenverfahren, Belagsmessung, Wein-
rebe, Rebanlage, Sprühgeräteeinstellung, Pflanzenschutzmittel 
Introduction
Foliar application of agrochemicals is the predominant proce-
dure in plant protection and principally results in the initial
spray deposit on the plant surface. The initial deposit on plants
is the starting point of any effect of pesticides like biological ef-
ficacy, side effects on non-target-organisms, evaporation, resi-
dues, etc.. The investigation of such deposits is of major inter-
est with respect to the evaluation of sprayer function, improve-
ment of application quality, investigation of dose response and
efficacy as well as environmental issues. For many years de-
posit measurements were carried out all over the world and to-
day it is widely accepted that the understanding of deposit for-
mation and distribution may bridge the gap between open ques-
tions, dose rate decisions and effects.
Investigation of the magnitude and the uniformity of depos-
its require clear definition of sampling and measuring proce-
dures. Sampling units as well as spatial and geometrical aspect
of sampling in a canopy should be clearly addressed in the pro-
cedure description. Comprehensive work is done to investigate
foliar deposition which points out the need for methodological
harmonisation. Today very different methods are used hence
unfortunately results often are not comparable.
Grapevines in Germany are typically grown on a trellis sys-
tem and trained as a leaf wall which develops to a maximum to-
tal height of 2 to 2.2 m (Guyot-system) (Fig. 1). The lower
edge of this leaf wall is around 50 to 80 cm above ground. Due
to repeated pruning the leaf wall extends about 1.40 m in height
and is typically 20 to 40 cm in diameter. Types and configura-
tions of spraying machines used to apply agrochemicals to such
vineyards vary widely in construction and technical parameters
like nozzle position, nozzle orientation, nozzle size, air vol-
ume, air flow direction and achieved deposit distribution.
The variation of sprayer constructions used in grapevines
probably results in very different deposition patterns in similar
canopies. Deposition measurements are an appropriate tech-
nique to understand and compare the achieved application
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as well as on grower’s level. The main interest is to achieve a
most uniform vertical deposition profile over canopy height
and to find out an optimum nozzle selection, configuration and
orientation.
To investigate initial deposits in grapevines it is important to
define targets of interest and follow a distinct sampling proce-
dure. In grapevines the leaf does not seem to be an appropriate
sampling and measuring unit. Upper and lower leaf surfaces
need to be investigated as separate units taking in account their
different sensitivity for diseases and retention characteristics.
Bunches, berries and rachises are in the same way specific
target units requiring special attention. Literature indicates that
the leaf wall is mostly separated into two sampling zones, the
lower grape zone and the upper leaf zone (DIETZEL, 1993;
BÄCKER et al., 1988; SIEGFRIED et al., 2000). Reported sample
size varies widely. To investigate deposits separately on the
two leaf sides an area of about 5 cm2 is used as the measuring
unit per individual leaf side.
SIEGFRIED et al. (2000) took bulk samples and measured 5
samples of 10 complete leaves per sample from grape zone and
leaf zone each. The advantage of bulk samples is fast process-
ing, while the disadvantage is a loss of information about the
variability between the individual target units.
Initial deposits on grapes, rachises and berries are rather
complicated to investigate. Many authors measured the deposit
per cluster and related the magnitude to the fresh weight and
the sampling procedure often is not clearly reported.
Most research is not carried out with pesticides or active in-
gredients but with a tracer. Published deposit measurements are
done with very different measuring procedures using metal
chelates (MURRAY et al., 2000), food dyes like Tartrazine
(PERGHER and LACOVIG, 2005) or fluorescent dyes as tracers
like Sodium-Fluorescein (KOCH and KNEWITZ, 2006), Bril-
liant-Sulfo-Flavin (BÄCKER et al., 1988) or Helios SC 500
(SIEGFRIED et al., 2000). PEZZI and RONDELLI (2000) analysed
Mg2+ collected on filter papers which were fixed a framework
placed in front and behind the leaf wall. There is evidence that
agrochemicals affect the deposition process because of their
possible effect on surface tension, viscosity, etc. (KOCH and
STRUB, 2006; 2007).
Another very important aspect of deposit measurement is the
sample size. Because of the wide variability of deposits on e.g.
individual leaves or parts of leaves the sample size should be as
large as possible. Statistical assessment of appropriate sample
size requires knowledge about the variation of the investigated
parameter (deposit on targets) in the population of all targets.
This variation results from the combination and interaction of
various factors like sprayer adjustment, canopy density, air
flow direction and symmetry, etc. Thus, the deposit variability
is one parameter that theoretically should be known in advance
of an investigation. On the other hand, sample size and number
of sampled and measured units is limited because of the se-
quential process of application (creation of deposits on targets),
sampling (collecting target units with respect to spatial and
geometrical features of the canopy) and processing of samples,
including measurement (deposit quantification and leaf area
measurement).
DIETZEL (1993) reports a sample size of 25 upper and lower
leaf sides (sections) from grape zone and leaf zone each. SIEG-
FRIED et al. (2000) sampled 10 leaves in grape zone and leaf
zone each and measured the deposit on 5 of such bulk samples
per trial. BÄCKER (1989) sampled 100 individual leaves of
grape and leaf zone and analysed a section, about 5 cm2 in size
of the upper or lower leaf side of each leaf. PERGHER and LA-
COVIG (2005) worked with a block sampling procedure and
took leaf samples from 15 canopy zones and three height rang-
es (0.9 m-1.35 m, 1.35 m-1.55 m, 1.55 m-1.9 m). SCHMIDT and
KOCH (1995) and KOCH and KNEWITZ (2006) decided 120 indi-vidual leaves, collected from documented height positions over
tree height to investigate the vertical distribution pattern in ap-
ple orchards. Leaf samples in orchards were taken from 4 dis-
tinct zones. In grapevines trained as a leaf wall two sampling
zones i.e. both sides of the leaf wall are assumed to be suffi-
cient (KOCH et al., 2006).
BALSARI et al. (2007) collected 30 leaves from both vine row
sides and aggregated the leaves to one bulk sample which re-
sults in the mean deposit per sampling zone and does not con-
sider the variability or the spatial distribution.
Many investigations were conducted with artificial collec-
tors, e.g., filter papers which were clipped to leaves prior to the
application and collected after spraying. This allows repeated
sampling in the same canopy but it is evident that filter papers
do not represent the surface and deposition characteristics of
leaves or berries. Today we prefer to investigate the plant sur-
face itself. Varying characteristics of the spray fluid lead to tre-
mendous target specific effects due to chemical formulation
and quite reasonable differences in retention and deposit for-
mation (KOCH and STRUB, 2007). Artificial collectors or water
sensitive papers are often misleading when deposits are as-
sessed.
This paper outlines a proposal for a sampling and measuring
procedure which offers the possibility to describe the initial de-
posits on the different target units in grapevines from a statisti-
cal as well as a spatial and geometrical point if view.
Geometry of the leaf wall in relation to sprayers
The application of agrochemicals to plants is a process of drop-
let formation and droplet transportation towards possible indi-
vidual target positions in a canopy. To achieve the best and uni-
form distribution it is important to understand the geometrical
relation between nozzle positions, nozzle orientation, droplet
transportation direction and target positions. Sprayers used in
vineyard application vary widely in their construction and con-
figuration. Atomiser position may be at low height or well
aligned over canopy height. Air flow direction may be radial,
originating from a single air outlet about 50 cm above ground
or horizontal as is typical for cross flow sprayers.
Grape plants in Germany are planted in rows and develop
annually a leaf wall which grows on a wire construction and
forms a leaf wall (Fig. 1). The leaf wall develops from emerg-
ing buds over time in two phases. Emerging buds develop
branches which grow to a leaf wall between about 0.70 m and
about 2.20 m above ground. In the early growth stages the leaf
wall is not fully expanded and typically gaps dominate the can-
opy. The term leaf wall might fit better after flowering stage. In
the second phase new branches develop, filling existing gaps.
The canopy forms a leaf wall. It needs mechanical pruning sev-
eral times during the growing season to develop and maintain
the leaf wall in good shape and format. Recent activities intro-
duce a special defoliation of the grape zone which is supposed
to increase grape quality. Such manipulation of the leaf wall
and the leaf density affects the application process, deposit for-
mation and deposit distribution.
Target units
As explained above, the habitus of grapevines is continuously
changing throughout the growing season. Additionally several
runs of prunings are done including a certain defoliation of the
grape zone.
Most relevant is the deposit formation on the upper and low-
er leaf side and the cluster. Epidemiologically berries and ra-
chises/pedicels need special attention because of different sen-
sitivity to fungal or insect attacks.Nachrichtenbl. Deut. Pflanzenschutzd. 60. 2008
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cedures. In this paper we discuss the deposit (ng/g fresh weight
or preferably ng/cm2 surface).
Sampling and measuring unit should be the plant part on
which the disease develops independent from other units. E.g.
the individual berry is attacked by Lobesia botrana Den. et
Schiff. meaning  that only the deposit on a single berry actually
can protect this berry. This clearly demonstrates that the quan-
tity of chemical on a cluster does not provide the needed infor-
mation.
To investigate application quality in grapevines, relevant tar-
get units are: 1. upper and 2. lower leaf side, 3. berries and 4.
rachises. Other aspects might be of interest in special investi-
gations.
Sampling technique
As explained above the training system leads to a distinct grape
zone in the leaf wall and the above oriented leaf zone. In prin-
cipal two sampling procedures are recommended. The vertical
distribution profile shall be investigated by sampling leaves
over the full leaf wall height. Documentation of the height po-
sition of each sampled leaf (10 cm resolution) allows to de-
scribe the vertical distribution pattern.
To understand processes like penetration into the leaf wall
and retention and effects of different spraying procedures (one-
or two-sided application) both sides of the leaf wall should be
sampled in separate groups.
Bunches are located in a comparably small zone of 30 to
50 cm height. Depending on the focus a random sample is suf-
ficient or n a more detailed procedure separate sampling of the
both sides of a row might be advantageous.
Investigation of the vertical distribution profile
The main issue is the appropriate sampling procedure. Random
sampling allows only statistical interpretation in terms of fre-
quency, distribution and respective statistical parameters. Col-
lecting the sampling units and documenting their position in
the leaf wall (height above ground) also allows spatial interpre-
tation. Deposits and their spatial distribution depend very much
on sprayer construction and adjustment, nozzle and airflow ori-
entation. This geometrical aspect should be considered. Sam-
ples should be taken covering the leaf wall height (10 cm reso-
lution seems to be adequate, see Fig. 2) and the height position
of each investigated leaf should be documented.
In grapevines the complete leaf comprises the sampling unit.
Measuring unit is a portion of the leaf side focussed on. The
leaf is carefully pressed on a vessel filled with an appropriate
volume of solvent fluid. By shaking the vessel the deposit is
washed off of the defined area and transfered it into the solvent
(Fig. 3). From concentration and area the deposit is calculated
and expressed in ng/cm2.
Upper and lower leaf sides differ in their sensitivity towards
e.g. fungal diseases respectively meaning that information
about deposits on the two leaf sides must be investigated and
interpreted separately. This approach requires an adapted pro-
cessing especially the recovery of the deposits and the transfer
into the medium that finally is processed and analysed.
Sample processing and measuring technique
The investigation of spray deposits and the processing of sam-
ples is time consuming. A widely used procedure is to measure
bulk samples although this results in a loss of information. De-
pending on the available analytical techniques the single target
measurement should be preferred in order to achieve statisticalNachrichtenbl. Deut. Pflanzenschutzd. 60. 2008as well as information. Such data sets demonstrate the unifor-
mity/variability of deposits as well as spatial information on
the spatial distribution.
It is principally possible to do such analysis with active in-
gredients but mostly tracers are preferred because of their ec-
otoxicological profile and easier handling.
On plant surfaces the fluorescent tracer sodium-fluorescein
has been confirmed to be appropriate under central European
climatic conditions (KOCH and KNEWITZ, 2006) while it is not
stable on various artificial collectors.
The handling of tracers must be confirmed under test con-
ditions. In any case it is important to take the samples after
the deposit has dried which limits deposit measurements to
dry weather conditions. As long as the deposit is not dry,
droplets may be detached from the sample and bias the
quantification.
Data processing and demonstration of results
As explained above data are preferably expressed as ng/cm2
per single investigated target. If this is not possible, e.g., be-
cause the target surface can not be determined, the deposit is re-
lated to the fresh weight and expressed as ng/g. Results have to
be standardised to a dose rate of 1 g delivered per 10 000m2
treated area.
The treated area is defined by the virtual area that is over
sprayed and located between working nozzles and the canopy
(KOCH, 2007). Typically deposit measurements on individual
targets show a wide variability indicating the sequence of over-
lapping random processes within the spraying procedure
(KOCH et al., 1998). The data set is described by the arithmetic
mean and the coefficient of variation (CV %). CV % of depos-
its on the lower leaf in grapevines typically vary between 80%
and 100% which is supposed to be uniform distribution. It is
important to know the variability because lowest deposits limit
the biological efficacy, while highest deposits may affect
non-target-organisms. It might be more realistic to compare the
deposit level by the portion of low deposits than by the mean
deposit. Single very high deposits increase the arithmetic mean
but do not improve efficacy.
Spatial distribution is an important factor. It explains the
distribution characteristic of the tested sprayer configura-
tion and gives information to improve the vertical distribu-
tion profile. An uneven distribution profile extends variabil-
ity and increases the portion of low deposits on individual
targets. The vertical deposit profile is most important from
describes the investigated sprayer configuration and adjust-
ment. It is calculated as the running mean over height
(Fig. 4). Position oriented single leaf sampling is the primary
technique to describe the vertical distribution profile of a
spraying machine as well as for single nozzle (KOCH et al.,
1998 ).The vertical profile is most important to understand and
interpret efficacy trial results.
Investigations of deposits on bunches, berries and 
rachises
Deposits on bunches again have to be discussed with respect to
their epidemiological relevance. The development from floral
growth stage to harvest of grapes is characterised by a tremen-
dous change in size, shape, weight and surface area of the indi-
vidual bunch. Different sensitivity of blossom, berry and ra-
chises against the important pests and diseases justify the de-
tailed analysis of such targets. This results in a conflict between
sample size and the time needed to separate ad analyse such
targets because of their complex structure. We propose to mea-
sure deposits on blossoms as a whole. After fruit set deposits
on berries and rachises can be investigated separately.
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culate the deposit in ng/cm2 surface in order to compare depos-
its on leaves and berries. For rachises the deposit is expressed
in ng/g fresh weight, which can be done for berries or leaves as
well. The surface of spherical berries is determined by measur-
ing the berry diameter and the calculation of the sphere surface.
In our trials the berries of each bunch were scaled in size clas-
ses of 0.5 mm and the frequency distribution was used to cal-
culate the total berry surface per bunch. A bunch may consist
of more than 180 berries which makes the separation from the
rachis and the determination of the diameter labour intensive
(Fig. 5). An apparatus developed to grade berries according to
Fig. 1. Fully developed leaf wall in a vineyard. The lower
edge of the canopy is about 50 cm above ground. Maximum
canopy height is pruned several times at about 2,00m - 2,20m.
Fig. 2. A measuring pole (10 cm scale) is used to determine
the height position of sampled leaves.their diameter allows the precise and fast sizing of the berries
of a single bunch (Fig. 6). A comparison of 350 graded berries
Fig. 3. Lower side of a leaf after resolving the tracer. The cir-
cle marks the area that has been washed off.
Fig. 4. Example of the vertical distribution of deposits on the
under side of single leaves and the running mean calculated
over canopy height. The profile indicates under dosing in the
grape zone (60-100 cm) and overdosing in the top zone of the
leaf wall.Nachrichtenbl. Deut. Pflanzenschutzd. 60. 2008
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about 2%.
Deposits on berries can be compared to deposits on leaves if
related to the surface (ng/cm2). In our trials we investigated the
deposits on berries and rachises from 40 bunches. A method to
determine the surface of the rachises is still lacking.
Investigations of deposits on individual berries
The investigation of deposits on individual berries is possible but
very laborious when weight or surface have to be determined in
order to express the deposit as ng/cm2 or ng/g freshweight. We
could investigate a maximum of 8 bunches with 1350 berries per
day. The coefficient of variation of deposits on berries of a single
cluster is typically between 80 % and 110 %. Before deposit
measurements on individual berries are conducted phytopathol-
ogists should clearly explain the epidemiological relevance.
Discussion
The investigation of spray deposits in crop canopies is done to un-
derstand spray and deposition processes. Such information is im-
portant to understand the sprayer function with respect to sprayer
adjustment and the reduction of spray losses. In grapevines a
wide variation of sprayer constructions is used indicating a poten-
tial for optimisation. Grapevines in Germany are typically grown
on a trellis and trained as a leaf wall (Guyot-system). At present
the scientific community looks for a widely accepted method of
deposition measurement in grapevines. The methodology should
allow statistical interpretation of deposits in order to describe the
deposition level and the variability of deposits as well as the de-
scription of the spatial distribution in order to reflect sprayer func-
tion and point out options of improving the adjustment.
Artificial collectors have a clear disadvantage. Although
they are easy to handle and reduce the workload, it has to be
stated that they do not represent the processes of retention and
spray deposit formation in terms of coverage and deposit struc-
ture, retention capacity and occurrence of run off, as has been
shown by KOCH and STRUB (2007). The authors demonstrated
distinct effects of different plant protection products on the de-
posit formation on different plant surfaces by video recording
impact and retention of the spray. This indicates that each prod-
uct or mixture creates a characteristic retention process and a
typical deposit structure in combination with different target
surfaces. It is concluded that the quantitative description of de-
Fig. 5. Bunch before and rachis after separation of berries.
Frequency distribution of berriy size (n = 171) of that bunch.
Berry diameter varies between 4,5 and 12,5 mm.Nachrichtenbl. Deut. Pflanzenschutzd. 60. 2008posits and their spatial distribution should be investigated on
natural targets in a canopy because data obtained from artificial
collectors like filter papers or water sensitive paper might show
biased results. There is need to discuss what chemical and
physical properties the spray fluid should have in such tests.
The spatial distribution pattern can be described by sampling in-
dividual targets (e.g. leaves or sections of the leaf side) and docu-
mentation of the height position above ground in the leaf wall. Such
data are used to demonstrate the vertical distribution profile of a
sprayer configuration or even a single nozzle and cover the geomet-
rical relation between sprayer/nozzle, air flow-direction and leaf
wall. Calculating the running mean portrays the vertical profile.
The sampling procedure as well as the way of data presenta-
tion is similar to the procedure described by SCHMIDT and
KOCH (1995) and KOCH and KNEWITZ (2005) for deposit mea-
surements in orchards. A sample size of 120 individual leaves
is proposed. In grapevines both sides of a row can be consid-
ered as sampling zones. The lower leaf side is supposed to be a
“difficult target” but is epidemiologically most relevant, when
considering organisms such as Plasmopora viticola.
The investigation of deposits on bunches requires a different
approach. Here the spatial height aspect is less important because
the grapes typically are located in a zone of less than 50 cm height.
The focus here is on the differentiation of deposits on berries and
rachises because of the different epidemiological relevance of
Botrytis or other pests and other diseases. Surprisingly rachises re-
tain much more spray fluid compared to berries which is an effect
of surface properties and determines the need to investigate depos-
its separately. Deposit measurements show a 10 times higher de-
posit (ng/g freshweight) on rachises than on berries in the growth
stage bunch closure (KOCH and STRUB, 2007) which is the most
relevant application phase against Botrytis cinerea.
A standardised deposit measurement method could help to
make investigations and results more comparable. The pro-
posed approach is in line with the method used in orchards and
covers quantitative as well as spatial interpretation of the appli-
cation quality a sprayer configuration achieves in a canopy.
The proposed methodology also allows the investigation of the
“single nozzle distribution pattern” which is important when
sensor equipped sprayers are optimised (KOCH et al., 1998).
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